Recently, Buta et al. (2009, AJ, 137, 4487) examined the question "Do Bars Drive Spiral Density Waves?", an idea supported by theoretical studies and also from a preliminary observational analysis (Block et al. 2004). They estimated maximum bar strengths Q b , maximum spiral strengths Q s , and maximum m=2 arm contrasts A 2s for 23 galaxies with deep AAT K s -band images. These were combined with previously published Q b and Q s values for 147 galaxies from the OSUBSGS sample and with the 12 galaxies from Block et al. (2004). Weak correlation between Q b and Q s was confirmed for the combined sample, whereas the AAT subset alone showed no significant correlations between Q b and Q s , nor between Q b and A 2s . A similar negative result was obtained in Durbala et al.
Calculation of bar forcing and spiral amplitudes
We calculate the amplitude of the bar tangential forcing as a function of distance from the galaxy center, Q bar (r), and compare it to the m=2 surface brightness amplitude of the spirals, A 2 (r), at the same radial distances, normalized to bar radius, r/R bar . The Spearman rank correlation coefficient r s between Q bar and A 2 and its significance level are then measured as a function of r/R bar . A non-parametric test is used in order to avoid making assumptions about the distributions of the compared quantities. The distance up to which a significant correlation is found is regarded as a statistical estimate of the region inside which bars are able to drive spiral structure.
We use near-IR images to evaluate the galaxy potential, and derive the tangential force amplitude at each distance, normalized to the azimuthally averaged radial force Q bar (r) = max(|F T (r, ϕ)|) < |F R (r, ϕ)| > .
Several assumptions are made: (1) the mass-to-luminosity ratio (M/L) is constant, (2) the vertical profile of the disk and the bar is approximated with an exponential function, and (3) the vertical scale height, h z , scales with the galaxy size as h z = 0.1R K20 (Speltincx et al. 2008) , where R K20 is the m K = 20 isophotal radius from 2MASS (Skrutskie et al. 2006) . which also provides the m = 2 Fourier density profile used to characterize the spiral amplitudes (note the normalization). The gravity is calculated separately for each m component (using m = 0, 2, 4, 6, 8, 10) and added together. Compared to direct Cartesian integration, the polar method suppresses effectively the spurious force maxima which otherwise could arise in the noisy outer disks (Salo et al. 2004 ). To account for the different 3D-distribution of the bulge light, multi-component decompositions are used (Laurikainen et al. 2005) , reducing the artificial tangential force amplitudes arising from the bulge deprojection stretch. The polar method makes it also easy to exclude the contribution of spirals on the calculation of Q bar , by setting the m > 0 Fourier density amplitudes to zero beyond a certain cutting distance, R cut , representing the end of the bar.
Our method is illustrated in Figure 1 , where the radial profiles of the m=2 and m=4
Fourier density amplitudes, and the Q bar ratio are shown for NGC 1566. In this particular example the A 2 and A 4 have two well-separated local maxima associated with the bar and spiral, but the distinction is not always clear. The Q bar profile is constructed both for the total (bar+spiral) force field, and without the contribution of the spiral arms. The bar-only profile is obtained using a cutting distance R cut = R bar in the force calculation. Our method of isolating the bar forcing is different from that of Buta et al. (2003 Buta et al. ( , 2005 Buta et al. ( , 2009 , who extrapolated the bar density into the spiral region based on Gaussian fits to Fourier density profiles. Here we assume that the bar and the spiral dominate their radial domains with no significant overlap.
Bar driven spiral structure in the OSUBSGS and AAT samples
The OSUBSGS is a magnitude-limited sample (m B < 12.0 mag) of galaxies with Hubble types 0 ≤ T ≤ 9. The H-band images typically reach 20 mag/arcsec 2 in depth.
Our bar identifications and lengths are from Table 3 in Laurikainen et al. (2004) , and are based on the Fourier amplitude and phase profiles ('Fourier bars'; NGC 2207 was omitted, leaving 103 galaxies for analysis).
A statistically significant correlation is found between the amplitude A 2 , and the bar forcing, Q bar , when these parameters are compared at the same radial distances. See Fig. 2 where the different panels represent examples of measurements at successively larger radial distances with respect to the bar. The bar force is cut using R cut = R bar , which means that we are conservative in eliminating any contamination by the spiral arms themselves in the forcing. The correlation is very strong just beyond the bar, and stays statistically significant until ∼1.6R bar (rank correlation coefficient r s = 0.25, significance p = 0.008).
The correlation is similar for long (R bar /h R > 1) and short (R bar /h R < 1) bars, when normalized to the disk scale length. The range of the significant correlation is similar also for early (T ≤ 3) and late type (T ≥ 4) spirals (not shown in the plots). show that even 20% random errors in Q bar (and A 2 ) affect only marginally the significance of the correlation (for 10, 000 trials the median p = 0.023 for r = 1.6R bar ).
We made a similar analysis for the AAT sample of 23 barred galaxies, using the data (Fig. 4a) . The result is similar for galaxies having the maximum spiral amplitude nearer (R 2s < 1.5R bar ) or further (R 2s > 1.5R bar ) outside the bar. However, a statistically significant correlation is found if the local bar forcing at the location of the maximum spiral amplitude is examined (Fig. 4b) . The correlation is particularly clear if we limit to cases where R 2s < 1.5R bar . This is in accordance with our result for the OSUBSGS where a statistical dependence is present but discernible only up to certain distance beyond the bar end. Indeed, if we repeat the analysis we made for the OSUBSGS sample (Fig. 4c) , a statistically significant correlation is found between Q bar (r) and A 2 (r) up to 1.4 R bar . The somewhat smaller range in the AAT analysis is probably due to the smaller sample size in comparison to the OSUBSGS sample. 
Physical mechanisms
Our observational analysis indicates a clear statistical relation between bars and spirals.
At least the following mechanisms might account for this: Note that some correlation may be present even if bars and spirals are independent, since both types of structures are favored by gravitationally more reactive disks.
Nevertheless in this case a correlation between maximum values would also be expected.
Sellwood (2008) In the current samples no significant correlation is seen beyond ∼ 1.6R bar , at which distance the typical force amplitudes associated with the bar fall below a few percent level.
This provides an observational lower estimate for the extent of bar-driving. Namely, in the outer disk the determination of the spiral amplitude is more prone to uncertainties due to image noise and background subtraction, diluting any correlation that may be present.
Also, we are fairly conservative in cutting the bar contribution close to R bar , since in the case where the spiral arms are a part of the mode associated with the bar, the local spiral forcing would also contribute to maintaining the pattern.
Although the correlation we find is strictly statistical, it is interesting to consider how it applies to the individual example of NGC 1566, shown in Fig. 1 . For this galaxy R bar = 40 ′′ , and the A 2 maximum related to the strong spirals is at R 2s = 68 ′′ (Buta et al.
OSUBSGS survey, and 23 barred galaxies in our AAT Survey. The main results are:
(1) For both samples a statistically significant correlation is found between the local tangential bar forcing, Q bar (r), and the local spiral amplitude, A 2 (r), up to a radial distance of r ∼1.5R bar .
The correlation suggests that, at least in a statistical sense, the stellar spirals of the disk are not transient features but rather represent a continuation of the bar mode itself, or are driven by the bar through some mechanism. Further out, the spirals may be either independent modes or transient wave packets.
(2) The obtained range of the correlation is similar for early and late-type spirals (0 ≤ T ≤ 3 and 4 ≤ T ≤ 9) , and also for small and large bars (R bar /h r smaller/larger than unity).
This does not favor the idea that only certain types of bars could drive spiral structure, or that the forcing on the stellar component requires the presence of significant gas component.
Nevertheless, the current samples are small, and a larger number of galaxies is needed to draw reliable conclusions about morphological type dependencies, or to probe whether the statistical correlation extends to even larger distances beyond the bar. In this respect the forthcoming S 4 G survey (The Spitzer Survey of Stellar Structure in Galaxies; Sheth 2009 , Sheth et al. 2010 ) will be extremely useful, providing unprecedentedly deep 3.6 and 4.5 micron observations for nearly 2300 nearby galaxies. Also shown is the case with no cutting (dotted line): this is just for comparison, since the calculated forcing is then strongly affected by the spirals themselves. 
